The performance of a prototype of a now commercially available multiplechannel photometer for We described previously (1, 2) a system for reading microplates for the enzyme-linked immunosorbent assay (ELISA) by using a vertical light path which enabled direct through-theplate reading. In that system conventional flatbottomed microplates with 12 rows of 8 cups were measured in a sequence of four steps. The total measuring speed was 96 s. The system was originally developed for multiple horizontal reading of polystyrene cuvettes.
The performance of a prototype of a now commercially available multiplechannel photometer for high-speed reading of microplates to be used in the enzyme-linked immunosorbent assay was evaluated. For this purpose the extinction of a stable test liquid dispensed in flat-bottomed polystyrene microplates was measured, varying the test volume and the optical density. From the results obtained for dilutions of a single, biologically inactive material we concluded that the photometric inaccuracy is negligible when performing enzyme-linked immunosorbent assay with biologically active samples.
We described previously (1, 2) a system for reading microplates for the enzyme-linked immunosorbent assay (ELISA) by using a vertical light path which enabled direct through-theplate reading. In that system conventional flatbottomed microplates with 12 rows of 8 cups were measured in a sequence of four steps. The total measuring speed was 96 s. The system was originally developed for multiple horizontal reading of polystyrene cuvettes.
In this paper we describe a high-speed photometer which was developed especially for multiple-channel, through-the-plate reading of microplates. We The photometer is equipped with a tungsten halogen lamp light source (Fig. 2) . After passing the appropriate filters, the light beam reaches the common end of the fiber bundle, which divides the beam into eight equal parallel beams. After passing through focusing lenses, the light beams pass the liquid in the microplate cups will result in an increased light absorption due to the vertical through-the-sample reading. Only with distilled water will this increase be very small.
Extinctions of all test cups were measured twice by direct consecutive repeated readings of each plate. In each reading, the first row of cups (filled with distilled water) was used to fix the zero extinction levels of the eight channels. The extinction value eventually obtained for a cup is computed from the light absorption caused by the contents of that cup, correcting for the light absorption caused by an equal amount of distilled water (corrections are automatically performed by the apparatus).
RESULTS AND DISCUSSION Analysis revealed no systematic differences among the extinction values read by various photodiodes, and no drift of extinction levels in successive plates was detected.
For each combination of one ofthe four liquids and one of the four dispense volumes the level of extinction measured by the photometer is presented in Table 1 ; standard deviations of extinction values at the respective levels are presented in Table 2 .
Each extinction level is related to measurements for the same substrate dilution (or distilled water) in cups with a constant volume of liquid. Table 1 shows the mean value of the extinctions read for 240 "identical" cups from 10 plates situated in three consecutive rows per plate. Table 2 shows the standard deviation of extinction values calculated on the basis of a random sample of 60 cups each. The standard deviation tends to increase with increasing levels of extinction, with the largest standard deviations being observed for the dark substrate dilutions.
Because each reading of a plate was preceded by a zero setting of the extinction level for cups in the first row, the variation of extinction values due to physical plate-to-plate variations was eliminated. Under the present experimental conditions the variability of extinction values was due to three statistically independent sources of variation: (i) inaccurate measurements by the photometer alone; (ii) physical differences in the cups of an empty plate; and (iii) differences in the real liquid contents of cups with the same nominal volume.
Of these three, the last one, i.e., the dispensing inaccuracy, is the only source which induces variability of the actual number of light-absorbing particles in a cup. We can expect a priori that this variability will increase with increasing substrate concentrations and, to some extent, with increasing liquid volumes. So the effect of dispensing errors will be strongly dependent on the level of extinction.
By using the duplicate extinction values for each cup, we calculated the photometric inac- c NE, Not evaluated since extinction level was outside specified measurement range (0-1.5 absorbance units). than 10%. So the contribution of the photometric inaccuracy to the total variability of extinction values was negligible at the higher extinction levels. Since at the lowest levels the proportion of the variance due to the photometric inaccuracy was about 50%, we concluded that, in this range of extinctions, the effect of physical cupto-cup variations (ii) did not surpass the photometric inaccuracy. Since the physical cup-to-cup variations have nothing to do with the extinction level it seems reasonable to extrapolate this finding to all extinction levels. Combining the above findings we found that at the higher extinction levels the contribution due to dispensing inaccuracy (iii) was dominant in the total variability of extinction values.
The following conclusions can be drawn from the present experiment. (i) The standard deviation of the extinction values was dependent on the extinction level (Table 2 ). (ii) The effect of physical differences between cups in the microtiter plates was probably not larger than the photometric inaccuracy. (iii) At the higher extinction levels the major contribution to the standard deviation of extinction values was caused by the dispensing inaccuracy.
The experiment was performed with dilutions of a single, biologically inactive material. It is anticipated that the actual measuring error due to the photometer plays a negligible role in the inaccuracy of ELISA determinations in biologically active samples. For ELISA determinations the inaccuracy of dispensing the different biological compounds will be highly critical.
We intend to publish results on titration of sera for Rubella antibodies affirming the minor role of photometric inaccuracy in ELISA determinations (Ruitenberg et al., manuscript in preparation). 
